Introduction. Medications during rapid sequence intubation (RSI) have known detrimental side effects. Prehospital mechanical ventilation after successful endotracheal intubation also increases mortality due to hyperventilation and positive pressure ventilation. The aim of this retrospective analysis was to determine the impact of RSI on prehospital hemodynamic parameters and prehospital ventilation status on mortality rate and functional outcome in trauma patients. Methods. Charts of 73 trauma patients, who underwent prehospital RSI over a 12-year period, were retrospectively reviewed. Prehospital vital signs, before and after RSI, were compared. Patients were divided, according to ventilation status, into three groups based on initial PaCO2: hypocarbic/hyperventilated (PaCO2<35mmHg), normocarbic/normoventilated (PaCO2 35-45 mmHg) and hypercarbic/hypoventilated (PaCO2>45mmHg). Results. Seventy-three patients were enrolled in the retrospective analysis. There was a significant difference in respiratory rate (p=0.046), arterial oxygen saturation (p<0.001), mean arterial pressure (p<0.001) and Glasgow Coma Scale (GCS) (p<0.001) before and after RSI. GCS at discharge (p=0.003) and arterial oxygen saturation (p=0.05) were significantly higher in the normoventilated group. There was no significant difference in survival to hospital discharge among compared groups. Conclusion. Our retrospective analysis suggests that prehospital RSI has no detrimental hemodynamic side effects and that normoventilation leads to a favorable neurological outcome.
INTRODUCTION
Endotracheal intubation (ETI) using the rapid sequence intubation (RSI) protocol was introduced to prehospital Emergency Medical Services (EMS) to secure the airway, thus preventing aspiration. Aggressive early airway management, using medications during the RSI protocol, increases the success of prehospital ETI. (1,2) Drugs used for RSI have known detrimental side effects, such as hypotension (3) , which could worsen the outcome in trauma patients. (4) Some drugs used for RSI have a greater effect on hemodynamics than others. It has been shown that thiopental causes a greater fall in blood pressure than midazolam or etomidate, thereby reducing cerebral perfusion pressure and contributing to secondary brain injury. Fentanyl has the most neutral hemodynamic profile. (5) On the other hand, ETI and prehospital ventilation, surprisingly, also increase mortality rate. (6,7) Suggested causes for this finding are hyperventilation (8) and positive pressure ventilation, (9) that both have detrimental effects on hemodynamic parameters resulting in hypotension and worsening ischemia. One of the goals of prehospital ventilation with pure oxygen after successful ETI is to prevent hypoxia, which is one of the wellknown secondary insults. Its detrimental effects, especially in patients with severe traumatic brain injury, are well established. (10) Deleterious effects of hypoxia were recognized by guidelines and it was recommended to avoid hypoxia and thus secondary brain injury. (11) The purpose of this single center retrospective analysis was to determine a) the impact of RSI on prehospital hemodynamic parameters and b) the impact of prehospital ventilation status on mortality rate and functional outcome at discharge from hospital in trauma patients in an emergency physician-led prehospital EMS.
MATERIALS AND METHODS

Statement of human rights
The retrospective analysis was approved by the National Medical Ethics Committee of the Republic of Slovenia, which decided that the analysis could be conducted without informed consent from participants.
Study design
Charts of trauma patients, who underwent ETI using the RSI method between January 2000 and December 2012, were retrospectively reviewed. Authors would like to emphasize that our emergency physicians working in EMS are well trained in advanced life support skills and have been using the RSI protocol to secure airways since the beginning of 2000. Since then, all trauma patients who cannot adequately oxygenate pulmonary capillary blood or with a compromised airway or ventilation and Glasgow Coma Scale (GCS) less than 8 at the scene, undergo prehospital ETI using the RSI method. Endotracheal placement of the tube is confirmed by measuring the partial pressure of end tidal carbon dioxide (petCO2). Patients who undergo prehospital ETI are mechanically ventilated using transport ventilator Weinmann® Medumat with intermittent positive-pressure ventilation (IPPV) mode and continuous end tidal CO2 (etCO2) monitoring. Parameters (minute volume, respiratory frequency) on transport ventilators with inspired oxygen concentration of 100% are selected by emergency physicians. All patients enrolled in the retrospective analysis were successfully intubated in the first attempt. There was no misplaced intubation. Trauma patients were treated according to the current trauma life support guidelines and were transported directly to the Emergency Department (ED) and then admitted to the surgical Intensive Care Unit (ICU) of the University Clinical Center of Maribor. Arterial blood gas analysis was performed in the hospital central laboratory on admission to the ED. Arterial carbon dioxide partial pressure (PaCO2) values were obtained from initial arterial blood gas analysis immediately on arrival to the ED. The population was sorted into three groups according to ventilation status, based on initial PaCO2: hypocarbic/hyperventilated (PaCO2 < 35 mmHg), normocarbic/normoventilated (PaCO2 35 -45 mmHg) and hypercarbic/hypoventilated (PaCO2 > 45 mmHg). Six patients were excluded from the analysis according to ventilation status due to missing data (no arterial blood gas analysis on admission). Mortality rate was defined by in-hospital death of any cause. Functional outcome was measured using Glasgow Outcome Scale (GOS), Glasgow Pittsburgh Cerebral Performance Categories Scale (CPC) and GCS level at discharge from hospital. Prehospital vital signs (Glasgow Coma Scale, heart rate, respiratory rate, oxygen saturation, mean arterial pressure) were recorded before and after RSI.
STATISTICAL ANALYSIS
SigmaPlot 11.0 (Systat Software, Point Richmond, CA) was used for the statistical analysis. Paired t-test was used to compare parameters before and after RSI. One-way ANOVA was used to compare differences among the three groups according to ventilation status. The data were presented as means (SD). A two-tailed value of p<0.05 was considered significant.
RESULTS
Baseline characteristics are presented in table 1. Seventy-three patients were enrolled in the retrospective analysis. Forty patients sustained multiple trauma while 33 patients suffered isolated head injury. When comparing parameters before and after RSI for all patients included in the retrospective analysis (table 2) , there were significant differences in respiratory rate (p=0.046), arterial oxygen saturation (p<0.001), mean arterial pressure (p<0.001) and Glasgow Coma Scale (p<0.001). The decrease in heart rate after RSI was not significant (p=0.096).
Comparison of parameters according to ventilation status among the three groups is presented in Table 3 . GCS at discharge was significantly higher in the normoventilated/normocarbic group compared to the hyperventilated/hypercarbic group (p=0.003). Arterial oxygen saturation was also significantly different among the three groups (p=0.05), while the difference in CPC was defined as statistically insignificant by One-way ANOVA test despite a numerically identical p-value (p=0.05). There were no statistically significant differences in other observed parameters.
DISCUSSION
This retrospective analysis investigates the impact of ETI using the RSI protocol on hemodynamic parameters in the prehospital environment in trauma patients. Our results show that mean arterial oxygen saturation and blood pressure significantly increase after ETI. These findings suggest that ETI and prehospital ventilation are successful procedures in the prehospital arena for avoiding well known secondary insults, like hypoxia and hypotension. Epi- Ketamine (mg) 59,6 (52,1) [6] Data are presented as mean (SD). Numbers in square brackets denote the number of patients receiving the drug. ED, Emergency Department; HAES, hydroxyethyl starch; HyperHAES, 7,2% NaCl/6% hydroxyethyl starch; ISS, Injury Severity Score. Data are presented as mean (SD). RSI, Rapid sequence intubation.
sodes of hypoxia are a common secondary insult in the prehospital setting and ICU and increase the mortality rate and degree of disability at discharge. (12,13) Duration of the hypoxic episode also plays a role. Longer hypoxic episodes increase the mortality rate. (12, 14) Studies have also shown that there are many patients' predisposing factors that cause hypotension after RSI (3) and that peri-intubation hypotension significantly increases in-hospital mortality. (15) Our data also suggest that drugs used in our retrospective analysis for RSI (in most cases a combination of sedatives, etomidate, as an induction agent, and midazolam, to maintain sedation, together with muscle relaxants, succinylcholine and vecuronium, to maintain prolonged muscle relaxation) and their possible side effects affecting hemodynamics play a minor role. Even more, an increase in mean arterial pressure after RSI was found. Inappropriate sedation and pain as possible causes of raised mean arterial pressure could be excluded. Authors assume that patients from our retrospective analysis who underwent RSI were properly sedated, demonstrated by a significant decrease in GCS level (all patients had GCS level 3 after sedation) and a significant decrease in heart rate. It was shown that heart rate variability correlates with level of analgesia. (16, 17) Medications used for RSI in our retrospective analysis along with prehospital fluid resuscitation did not show the possible detrimental hemodynamic side effects that could compromise a favorable outcome. (18) Data from our retrospective analysis are supported by other studies which showed that etomidate preserves hemodynamic status compared to other sedatives. (5, 19) The possible beneficial effect of early outof-hospital intubation to secure the airway and to prevent hypoxia and aspiration has been questioned. Increased mortality was observed when prehospital intubation was performed by paramedics with limited ETI training and clinical skills, and with limited access to RSI drugs. (6, 7, 20, 21) Furthermore, even patients with traumatic brain injury who underwent paramedic RSI had increased mortality, due to hypoxia and hyperventilation during RSI. (22) On the other hand, studies showed that ETI performed in the ED by emergency physicians (7, 20) or by air ambulance personnel using neuromuscular blocking agents had favorable outcomes, decreasing mortality. (23, 24) No difference was observed in patient outcome after prehospital ETI by aeromedical crew using the RSI protocol compared to undergoing ETI in a trauma resuscitation suite. (25) It is reasonable to assume that the procedure (ETI) itself and possible complications (22, 26, 27) during ETI are connected with patient outcome. Deleterious effects of prehospital intubation and ventilation are associated with the risk of hyperventilation and positive pressure ventilation. Hypocapnia due to hyperventilation causes cerebral vasoconstriction of precapillary resistance vessels and can result in global ischemia through a decrease in cerebral blood flow and diminished brain oxygenation which could result in a less favorable neurological outcome in these patients. Positive pressure ventilation increases intrathoracic pressure, which reduces venous return and decreases blood pressure and cardiac output. (9, 22, 28) However, hyperventilation reduces intracranial pressure through vasoconstriction (29) and is a recommended treatment in patients with acute brainstem herniation. (30) The proposed mechanism for the detrimental effect of hypoventilated/hypercarbic patients is suboptimal vasoreactivity to carbon dioxide (CO2), with preserved CO2 vasoreactivity to hyperventilation, but buffered vasodilatation to hypoventilation. This would cause relative ischemia precipitating secondary brain injury in both hypocarbic and hypercarbic patients.
Data from our retrospective analysis suggest that ventilation status has a significant impact on arterial oxygen saturation and neurological functional outcome in trauma patients. These findings show that normoventilation in trauma patients' preserves favorable hemodynamic status and thus better outcome and are in accordance with above mentioned studies. A high percentage (45 %) of patients in our retrospective analysis was not optimally ventilated and that fact raises some questions. This could be due to over-or under estimation of patient's ideal body weight and high frequency ventilation consequently leading to inappropriate prehospital ventilation. Use of blood gas measurements of pCO2 with portable devices in the prehospital environment, which are acceptable in guiding protocol-directed ventilator management, should be considered. (32) Our retrospective analysis has several limitations. Firstly, this is a non-randomized retrospective analysis. The nature of the retrospective analysis by itself could include some biases. In the present study analysis of the data collected from January 2000 to December 2012 was done. Progress over the years in in-hospital care of severely injured patients may affect the rate of in-hospital mortality. However, ambulance treatment protocols remained mostly the same throughout the analysis period. Secondly, the sample size is small. Thirdly, Data are presented as mean values (SD). AISH, Abbreviated Injury Scale for Head; CPC, Cerebral Performance Category Scale; GCS, Glasgow Coma Score; GOS, Glasgow Outcome Score; ISS, Injury Severity Score; MAP, mean arterial pressure; SpO2, arterial oxygen saturation; STHD, Survival to the hospital discharge.
arterial blood gas analysis (pCO2) at arrival in the ED was used as a surrogate for ventilation status.
CONCLUSIONS
Our retrospective analysis suggests that prehospital RSI in emergency physicianled EMS, together with prehospital fluid resuscitation, has no detrimental hemodynamic side effects, potentially resulting in hypotension and thereby worsening functional outcome in trauma patients. Oxygen saturation also improved after prehospital RSI. Normoventilation/normocarbia leads to a favorable neurological outcome and should be maintained by ventilator settings and controlled with measurements of pCO2 in the prehospital environment, using a portable device. However, our data should be interpreted with caution due to the small sample size. Larger prospective studies are necessary to validate these findings.
